Abstract-The realization that the present day positions of continents and island arcs are a result of continental drift led to the proposal that the extant West Indian fauna reflect an ancient (Cretaceous) land connection between the proto-Antilles and North and South America. Movements of the Antillean islands throughout the Cenozoic are hypothesized to have further fragmented the fauna present on the protoAntilles when it separated from the mainland 70-80 million years ago. This proposed vicariant origin of the West Indian fauna challenged the previous theory that some or most of the fauna arrived in the Antilles by overwater dispersal from mainland sources. The virtual absence of appropriate fossils in the West Indies has hampered testing these alternative hypotheses for the origin of the present day West Indian fauna.
Introduction
Interest in the origin of the West Indian biota has generated debate over whether the biota originated as a result of the late Cretaceous vicariant event isolating populations when the proto-Antilles moved into the Caribbean or through the overwater dispersal of the ancestors of extant species to these islands at one or more times subsequent to the formation of the West Indies (Rosen, 1976 (Rosen, , 1985 . The vicariance theory is consistent with the geologic history of the Caribbean region (Pindell and Barrett, 1990 ) which places the Greater Antilles in an arc between North and South America during the Cretaceous. Break up of this proto-Antillean arc occurred in the late Cretaceous (70-80 million years ago, Ma).
• Adirect test of these two alternative explanations rests upon the ability to determine the time that sister taxa in the Caribbean and on the mainland last shared a common ancestor. The origin and relationships of the diverse (and highly endemic) herpetofauna of the West Indies have been the focus of numerous studies. These include comparative morphological analyses (Etheridge, 1960; Williams, 1976a Williams, ,b, 1989 Joglar, 1989) , karyotypic (Gorman and Atkins, 1969; Gorman and Stamm, 1975; Bogart, 1981; Hass and Hedges, 1992) and biochemical investigations-including electrophoretic studies (Yang et al, 1974; Gorman and Kim, 1976; Gorman et al, 1980a Gorman et al, , 1983 Hedges, 1989a; Burnell and Hedges, 1990; Hedges and Burnell, 1990; Hass, 1991) and immunological studies (Gorman et al, 1980b; Wyles and Gorman, 1980a,b; Shochat and· Dessau~r, 1981; Gorman et al, 1984; Hass and Hedges, 1991) . In particular, biochemical investigations have the potential to address this question of mode of origin by providing the required estimates of divergence times through the use of molecules as "clocks" (Wilson et al, 1977) .
The recent comparison of published albumin cDNA sequences of several taxa for (Received 15 December 1991) based on morphology (Williams, 1988 ), yet it is one of the closest non-anoline genera based upon immunological comparisons (Hass et a/., unpublished data) .
DNA sequencing. For sequencing of mitochondrial genes. DNA was obtained from samples of red blood cells, liver, or intestine which ware purified as described in Hedges st at (1991) . An approximately 450 bp segment of the 165 ribosomal RNA gene was amplified using the polymerase chain reaction (PCR) with specific primers for each DNA segment and both strands ware sequenced 'as detailed in Hedges st at (1991) . The primers used for both the PCR and sequencing this region of the 165 ribosomal RNA gene were: 5'-CTGACCGTGCAAAGGTAGCGTAATCACT-3'. 5' -CTCCGGTCTGAACTCAGATCACGTAGG-3·. Sequence data were read from autoradiograms and aligned by eye (Cabot and Beckenbach, 1989) . Nucleotide variation was used to construct trees by the neighbor-joining method (Saitou and Nei, 1987; Studier and Keppler, 1988 ; Version 2.0). and statistical significance of resultant groups was evaluated by the bootstrap method (Felsenstein, 1985) with 2000 iterations as advocated by Hedges (1992) .
Results and Discussion
West Indian biogeography A recent study (Hedges et a/., 1992) to distinguish between vicariance and dispersal as primary mechanisms for the origin of the West Indian biota, employed MC'F data on albumin divergence between pairs of species representing 38 distinct taxonomic groups. In the absence of significant fossil data, the albumin clock was used to provide estimates of divergence times for all pairs of species considered. If species were separated by the movement of the proto-Antilles with the Caribbean plate in the late Cretaceous; all IDs measured between pairs of taxa in the Caribbean and the mainland were expected to fall between 117-133. This is based upon a standard calibration of the albumin clock, using both fossil and geological information for a number of vertebrate groups, where approximately 100 units of ID accumulate every 55-60 miHion years of lineage separation (Wilson et al., 1977; Maxson, 1992) . These comparisons, with alliD value.s measured less than those expected under the vicariance model, refute a vicariant origin for the majority of the present-day West Indianherpetofauna (Hedges et a/., 1992) . Indeed, the evidence indicates that multiple (almost continuous) dispersal events have occurred during the last 55 Ma.
However, there is evidence that some groups may reflect vicariant events in the West Indies. Biochemical. studies of Eleutherodactylus in the West Indies documented a major dichotomy between the subgenera Euhyas and the auriculatus section of the subgenus Eleutherodactylus. This probably occurred when the proto-Antilles broke away' from the mainland, isolating Euhyas on Cuba and Eleutherodactylus on Hispaniola (Hedges, 1989b) . In West Indian Eleutherodactylus, however, there is also evidence of subsequent dispersal among the islands and between the West Indies and the mainland throughout the Cenozoic (Hass and Hedges, 1991) . Another instance where species divergence appears to have resulted directly from the rafting of the proto-Antilles in the late Cretaceous became evident from a mitochondrial DNA sequence analysis of relationships among lizards in the family Xantusiidae . The monotypic genus Cricosaura, isolated in a remote area of Cuba, is the only xantusiid lizard in the West Indies. All other xantusiids occur in Central America and southwestern North America. Morphological studies concluded that the Middle American genus Lepidophyma was the sister taxon to Cricosaura (Crother, et al, 1986) .
Collection of living Cricosaura permitted a molecular analysis of relationships among living xantusiids, comparing sequence evolution in two mitochondrial genes-125 ribosomal RNA and cytochrome b. For these genes a total of 709 sites were aligned from each of seven taxa. Half of the sites were variable and 168 were informative under conditions of parsimony. The resultant phylogeny showed unequivocally that Cricosa.ura (1) is the sister taxon to all other xantusiids, and (2) is an ancient taxon, most likely diverging from all other xantusiid lineages in the Cretaceous (Hedges et aI., 1991) .
Anolis
The neotropical lizards of the genus Ano/is have been the objects of extensive and intensive systematic study for more than a quarter of a century. Some MC'F studies of albumin evolution in the West Indian Ano/is have been reported (Gorman et aI., 1980b; Wyles and Gorman, 1980a, b; Shochat and Dessauer, 1981; Gorman et aI., 1984) . The data on Ano/is of the Puerto Rico Bank, the Lesser Antilles, and Jamaica are fairly extensive but these earlier studies suffer from a virtual lack of anoline species from Cuba and Hispaniola. Only nine of the 42 Hispaniolan species and only four of the 45 Cuban species of anoline lizards have been compared in MC'F tests.
. Field work in both Cuba and Hispaniola (by SBH and associates) provided us with representatives of all series of Ano/is occurring on these islands (following Burnell and Hedges, 1990) , as well as representatives of the genera Chamae/eolis and Chamae/inorops. With new albumin antisera to Chamaeleo/is barbatus, we examined relationships within this genus as well as between this genus and Ano/is. Based on osteological data, Chamaeleolis always has been considered to be the most primitive genus of anole in the West Indies (Cannatella and de Quieroz, 1989; Williams, 1989) .
Using all available anoline antisera, published data, and tissue samples from approximately one-third of all described species of Ano/is, we explored relationships within and between anoline series in the West Indies. Table 1 contains the results of all immunological comparisons available, both from our data and previously published studies. In some instances, more than one 10 is reported between two species.
Differences in these IDs are most likely due to different authors using, as antigens, specimens from different populations of a currently recognized species. This may be true for wide-ranging species such as A. cristatel/us, A. carolinensis, etc. which are more likely to have intraspecific variation and may contain cryptic species. Table 2 represents a matrix of mean reciprocal IDs (both uncorrected and corrected) between all species to which antisera were available.
The averages of the reciprocal comparisons were used to construct phylogenetic trees for the taxa (Fig. 1) . The standard deviation from reciprocity (Maxson and Wilson, 1975) of the raw data is 8.05% and for the corrected data matrix is 4.81%. The tree constructed from the averages of the raw data using the modified distance Wagner method (Hutchinson and Maxson, 1987) has a standard deviation of 11.6% (Fitch and Margoliash, 1967 ) and a standard error of 8.7% (Prager and Wilson, 1976) ; for the neighbor-joining tree these values are 8.9% and 7.5%. For the corrected data using the modified distance Wagner the values are 11.66% and 8.02%; for the neighbor-joining tree 11.25% and 9.4%, respectively. These values are similar for trees using both the uncorrected and corrected data because correcting these data did not significantly affect the mean IDs between the taxa and only the mean IDs are used in tree construction. Only the antiserum to A. cybotes was consistently biased, underestimating 10.
A striking result of this analysis of albumin evolution is the virtual lack of differentiation seen between Chamaeleolis barbatus and the other three described species of Chamaeleo/is (chamae/eonides, guamuhaya, and porcus) examined in this study (Table  1 ). There are slight but distinct morphological differences between the species examined (Garrido and Schwartz, 1967; Garrido, 1982; Garrido et al, 1991) , and the IDs, ranging from 0 to 3, indicate that they have arisen very recently. This level of variation corresponds to that found within the salamanders of the P/ethodon g/utinosus complex, a group of closely related taxa which are primarily allopatric in distribution (Highton et aI., 1989) .
The antiserum to Chamae/eolis barbatus also was used to investigate relationships to other West Indian anoline lizards. Based upon one-way IDs to representatives of all the currently recognized series of West Indian anoles , Chamaeleolis is most closely related to members of the cuvieri series, which has ""Previously placed in the genus 0I6mBtIIin0r0ps Where there is more than one published 10 estimate (see Table 1 ) an average was used. Mean uncorrected 10 values are ebove the diagonel; meen corrected 10 values appaar below the diagonal. Correction factors IC.F. (Cronin and Sarich. 1975) representatives on Hispaniola and Puerto Rico. This group of Ano/is (Schwartz, 1974) consists of large, stout-bodied species (like Chamae/eo/is) that are found primarily in the canopy of trees, whereas Chamae/eo/is are the Cuban twig giant anoles. While the osteological data do not suggest a close relationship between these two groups, the immunological data support their close relationship. The mean 10 to the four species examined is 12.5. Immunological distances from an antiserum to Ano/is cuvierito other members of the cuvieri series and to all Chamae/eo/is species are virtually identical (range 20-24 10), although slightly higher than the reciprocal measurement, and also support this close relationship. Both the antisera to Chamaeleo/is and A. cuvieri also Show low IDs to members of the christophei series of Hispaniolan Ano/is.
An antiserum to the monotypic genus Chamae/inorops was not available for comparision. However, the one-way IDs available suggest that this taxon falls within the range of IDs measured among West Indian Ano/is. This genus is unique among West Indian anolines in showing extreme specialization for terrestrial life (Schwartz and Inchaustegui, 1980) . However, the morphological data do not unequivocally place this genus outside of Ano/is (Etheridge and de Queiroz, 1988) . This taxon and Chamae/eo/is both show a primitive karyotype (12 macrochromosomes and 24 microchromosomes; Gorman, 1973) . However, this karyotype also is found in many Ano/is so the data cannot be used to place these taxa outside of a monophyletic Ano/is '(Cannatella and de Queiroz, 1989) . Data on the behavior of male Chamae/inorops also could not determine if this genus is ancestral to or derived from within Ano/is (Jensen and Feeley, 1991) .
The antiserum to A. caro/inensis albumin that had been used previously to investigate albumin evolution within West Indian Ano/is also was compared to as many members of the Cuban and Hispaniolan series as possible. Previous work with this same antiserum (Shochat and Dessauer, 1981) had not detected a close relationship between this species and any West Indian species, with the lowest 10 (42) to the Puerto Rican species A. occult us and the highest (67) to the Jamaican species A. grahami. Our data show that A. carolinensis has its closest relatives on Cuba (10 range 9-34). Two members of the carolinensis group, A. allisoni and A. porcatus, were close to A. carolinensis and equidistant immunologically. The close relationship between A. carolinensis and A. porcatus also is supported by electrophoretic data (Buth et al, 1980) . - • - • 
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r --C=== derlington; chr;stoph.; Fig. 2 . These data were obtained primarily to give an independent assessment of the placement of Chamaeleolis and Chamaelinorops within Anolis and therefore the 20 West Indian Ano/is species (representing 18 of the 21 defined series; Burnell and Hedges, 1990) were included, along with two mainland taxa. A more detailed study involving more taxa and additional genes is in progress. Overall, 442 bp were sequenced in each taxon; of these 352 could be aligned with confidence, resulting in 119 variable sites for analysis.
A neighbor-joining tree constructed from the sequence data is presented in Fig. 3 .
The DNA sequence data agree with the immunological data in shOWing an origin for Chamaeleolis and ChamaelinolY)ps within the genus Anolis. These sequence data do not appear to be sufficie,nt to resolve relationships at statistically significant bootstrap P values. At present, there are only two statistically significant clusters in the tree (Fig.  3) . One cluster joins the two species of Chamaeleolis included in the study; the other joins A ophiolepis and A. sagrei, two Cuban species that are members of the sagrei series. The primary limitation of both data sets (albumin IDs and DNA sequences) is the paucity of mainland species of Anolis. Nonetheless, the agreement of both data sets in the placement of Chamaeleolis and Chamaelinorops within the genus Anolis, and especially the very low immunological distances to West Indian species of Anolis, argues strongly against their taxonomic recognition as distinct genera. Therefore, we place the genera Chamaeleolis Dumeril and Bibron, 1837 and Chamaelinorops Schmidt 1919 in the synonymy of the genus Anolis Daudin 1802. We take this action to eliminate a clear case of paraphyly in the genus Anolis. It is possible that a related genus of anole, Phenacosaurus, also may be derived from within the genus Anolis (Williams, 1989) but we are unable to address that question with the present data set. Morphological data do not support the recognition of Chamaelinorops as a valid genus, and Chamaeleolis is supported by only two characters (Frost and Etheridge, 1989) .
The low 10 values among anoline lizards within the West Indies (Table 1) suggests dispersal as the primary mechanism of colonization of those islands by this group. This is similar to the pattern seen in many other terrestrial vertebrates (Hedges et aI., 1992) . It is clear from these data that Chamaeleolis and Chamaelinorops, which, largely because of their extreme morphological specialization, have been considered to have diverged early in the history of this group or to have been isolated from other anolines (Williams, 1989) are relatively recent additions to the West Indian anoline fauna.
